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Produce aerosdsinthe | aboraory
= Rel evant inorgan ¢ and organ c sped es

Sub ect aerosd sto appropri & e condti ons
= e g, tenperaue, pressure, and humdty

Use spectroscopy to st udy aerosd properties

= Chem cda
= Physi cd
= Optica



Aerosd source charaderi sics
= Co mposition contrd

= § ze contrd

= Throughpu contrd

= F ability
Many types d aerosd sources exst to

Ssut the needs of dmost any | aborat ory
experime nt



Mechan cd sources

= | brati ng aifice aer osd
generaors (VOAG s)

= Nebui zers
= BubHd ers

= Brush generatas

VOAG in action. (Courtesy of TSI, Inc.)



Nucl eaion sources
= Het erogeneous
« Condensation d vapor on preex sti ng parti d es

= Ho mogeneous
o Pri nary source

Coding o supersauraed vapors

o Secondary
Che mcd reactions



Aerosol
Stream H2804.
Out Reservoir

Copper cooling
fins

Resistive heat tape to
warm HySQOy4 pool

Adapted from Lovejoy, et o/ /. Geophys. Fes. 100, 1877518780, (1995).
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Condtion ng dter aer osd production
= (De)hunndficati on
= Te mper atur e process ng

= Chem cal processing
o [ternalymxed aerosd s

e Coated o straified aer osols



S ng e partid e
traps
= Partid e and ys s
through M e
scatteri ng

Tm @ Temperature monitor
o ST =— Heat trasfer straps
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KU, el al /. Fhys. crem. 4102,
7469,<W998)




Aerosol

Aerosd chambers M e

= Settling Bl G
exper nents = Ot

= O ystdlizati on JACKET
exper nents P+ ovdcatpon

Vacuum Jacket Port

Nylon'Support

Disselkamp, e a/.,/. Fhys. Chem. 100,
9127-9137, (1996).



» Aerosd flow cdls

= Multi- purpose
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Common link...

...Interaction of dectromagnetic
radati on wthmat ter!

Spectroscopy

= | R
= U\V-\M s
= M crowave






The preuv ous spectrumis what you
m ght expect froma dasscthnfilm
experime nt

= Extincti on = Absor gion

-~ - Wha happens inthe case wherethe
partid es zeis comparald e tothe
wave engt h of light pass ng through it ?

= Extincti on = Absor @ion + Scatteing



» Dfferent scatering condtions ex st far
dfferent partid e 9zes




a<<3
= Rayla gh scatteri ng
e “Unfani dectronagneticfidd
o =3
= M e scatering
 Hectromagneticfiddis not unfor mover the entire

partide
 Most at nospheric partides fdl inthsreg ne
o >> 3

= Geometric scatter ng
s 0 asscd opics



Nitric Acid Dihydrate at 180 K




Aerosd exinction spectra can be
pred ded from Ne scatteing theory

= Spherical patides
= Partid e sizeinf ormation
= Refractive i ndices fa all rdevant naterids

= See texts by Bohren and Huf nan (1983),
Kerker (1969), and van de Hi'st (1957) far
detals



G ven an extinction spectrum and a s&t
of refractivel nd ces, one can deter m ne

= Partid e size
= Partid e conposition

= Partid e phase

Assumng the aval alality of good
Spectra, charact erzaion depends on
the aval allity of good refractive i nd ces



Red I ndex n governs scat er ng

| nag naryindex k governs absaor ption
Scarce dataon refractive indces for nost
mat eri ds rdevant toal nospheri ¢ studes

= Not too bad fiar stra espheric natei ds
= \frtudly non-exigent far tropespheric neterids



If the |l ack of rdradiveindex data setsis
the prod em whatisthe sd uion?

Me asurethent
Severd techn ques are avalalde

= Th n-fil mspectroscopy

e Near 1 na dence rdl ection
e Transm s9 on

= Aerosd exti ncti on spectroscopy



Collect anon scattering spectrum

Collect several scattering spectra
corresponding to different particle sizes

Y

Select a scattering spectrum and
guess the particle size

Y

Vary particle size

A

Use the Kramers—Kronig relationship to
calculate #(v)

Y

Vary scaling factor A

T

Use Mie scattering theory to calculate
the scatteﬂ_ng spectrum

Y

Correct k(v) if necessary

Compare calculated and experimental
spectra . good fit?

Report final refractive index set

Y

Quality control checks




Nitric Acid Dihydrate at 180 K




Nitric Acid Dihydrate at 180 K




Avalald erdractiveindces for sra ospheric
aerosds
= \\at er ice

« Warren, Appl. Quot., 23(8), 1206, (1984)

e Gapp, & d., J Chem Phys., 9, 6317, (1995
e Rgaram et a., Appl. Opt., 40(25), 4449, (2001) and

references theran

= Ntricad dd hydra e (NAD
 Toon, et d., J. Geophys. Res., 99, 25631, (1994)

- Nedzdag et d., J Pays. Chem A 102(32), 6477,
(1998



Avalil ade refractive indces fa
strat ospheric aerosd s

= Ntric aad trihyarat e (NAT)

 Hchwne e d., Geophys. Res. Lett., 22
2625, (1995)

 Toon, e d., J Geophys. Res., 99, 25631,
(1994)



The nateid s d scussedthus fa are
ather pure or have afixed composition

Thsis oefintdyna true fa everyt ing
Inthe amosphere

‘he case o sufurrcaad



49 wt% at 170 K
A 50 wt% at 180K
| 50 wt% at 190 K
49 wt% at 200 K
49 wt% at 210 K
55 wt% at 240 K
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Clapp, el a/., /. Geophys. Fes.,102(D7), 8899, (1997)




Add tional g ud es onthe freezng
characterigics d sufuric aa d aer osd s have
been perfamed

= Bertram et d., J. Phys. Chem, 100, 2376-2383,
(1996)

= Ant hony, et d., Geophys. Res. Lett., 22 1105
1108, (1995)

S udies show tha spectra are high y sensitive
totemperd wre and water vapor



Can exsting refractive indces be used
tomodd sufuricad d aerosds?

= Palmer and Wllians, Appl. ot., 14, 208
219, (1975)

= H nkley and Wilians, J. Opt. Soc. Am,, 66

122-124, (1976)

= Remsberg, et d.,J. Chem Eng [ata 19,
263- 265, (1974)



c
o
=
O
c
=
x
L

FT-IR spectrum of 38 wt% aerosols at 220 K

—— Fit using present aerosol data

Fit using Palmer and Williams
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The answer is no (na entird y)!

Cdlect rdractive index setsfor a
humber of dfferent sufuric aa d
compositions & dfferent temperaures

* Nedzda e d., J Piys. Chem A
103(40), 8030- 8040, (1999
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Phase diagram: Gable e/ o/ /. Am. Chem. Soc., 72, 1445-1448, (1950)
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(1981

Trajectory: Steele and Hamill, /. Aeroso/ Scr. 12,51 7-528




75 wt% Sulfuric Acid/Water




38 wt% Sulfuric Acid/Water




Comp osition deter m naion
= TDL spectroscopy

= Thermodynam c modd d Carslaw et 4.,
J. Phys. Chem, 99, 11557-11574, (1995)

-~ @ her refracti ve I ndex dat a

= Sufuricaada 215 K

e lisdale e 4a., J Geophys. Res., 103(D19),
25353- 25370, (1998)



Ternary syst ens

= Bermann, e d.,J. Phys. Chem A 104,
782-793, (2000)

= Krieger, et d., Appl. Opt., 3921, 3691-
3703, (2000)

= Norman, & al., in preparati on, (2001)
Supercod ed ntric ad d aerosds

= Norman, & a., J. Geophys. Res.,
104(D23), 30571-30584, (1999)



Upt ake d ntric aad by ice partides

= Adora, et al., Geophys. Res. Lett., 26(24), 3621-
3624, (1999

Supercoding sudies of ntric aadd aerosds

= Bertram et d., J. Geophys. Res., 105 Dr), 9283

9290, (2000)
Aerosd vd une verticd prdiles

= Hdering et d., Appl. Qpot., 40(18), 3082-3091
(2002)



Atotd lack of refracti ve i ndex data

Sutherland, et a., Aerosd S3. Tech.,
20, 62-70, (1994)

= 12 setsfor terpenes and PAH s

= Dataislaost

Applythe aerosd refractive i ndex
rerieva techn gue to argan c syst ens
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Isit posd lde to use spectroscop C
met hods to detect arbor ne bact er a?

Advanced warn ng & saf e d stances
As Wth aher remat e sens ng

appicaions, opicd properties are

needed



Wh at assumptions can we make?
= Sdid geonetry (e g, spherical a nao)
* Ho mogendaty
= Refracti ve | ndices
- | Rspectrd extinction of bacillus subtilis
var. noger

= K P Gurton, D ligon, and R Kvawul ashwulr,
Appl. Qpt., 40(25), 4443, (2001)



polysaccharide and phosphodiester
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From Milham and Querry
(unpublished). See D.F.
Flannigan, Tech. Rep.
ERDEC-TR-416 (Edgewood
Research, Development, and
Engineering Center,
Aberdeen Proving Ground,

; : : ; : E e e Aberdeen, MD 1997)’
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Aerosd spectroscopy can be used for
many apgdicaions

= Hrom partide 3zing...
= _.tordractiveindex retrevds

~— + Future focus

= Tr opospheric aerosd s
o Multi-conponent syste ns

o« Howfar can we ext end spectroscop c
techni ques?
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